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Abstract 
The present paper presents an experimental investigation about a double-stage swirl combustor for future 
application in gas turbine, in which the unfavorable conditions for pollutant formation (CO, UHC, NOx) are achieved 
by reagents and burned gases flow dynamics control into the combustor. The lean global combustion regime takes 
place in two chambers and is controlled by the parameters: global equivalence ratio (Φ), fuel jet Reynolds number 
(Rej) and swirler blades angle (α). The results have showed that when these parameter contribute to recirculation 
zone intensification formed at secondary chamber, ie, higher swirler angles and smaller Reynolds numbers, CO and 
UHC are reduced. For NOx this behavior is also observed, the only exception is the swirler angle, i.e., the NOx 
increases when the swirler angle also increases. In addition, as expected, when the equivalence ratio increase the CO 
e UHC emissions reduce, on the other hand, the NOx emissions increase. 
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1. Introduction  
Stringent environmental standards have motivated combustion engineers to develop combustion techniques for 
achieving low levels of pollutant emissions from gas turbine combustors. One example is the lean premixed (LP) 
combustion system, where the fuel and air are premixed upstream of the combustor to avoid the formation of 
stoichiometric regions. The combustion zone is operated with excess air to reduce the flame temperature; 
consequently, thermal NOx is virtually eliminated [1]. Another example is the RQL concept. In this system the 
combustion is started in a fuel-rich zone (minimizing NOx formation due to the lack of availability of oxygen as well 
as low temperature) followed by rapid cooling because of air jets and a lean burning zone which further oxidizes the 
remaining UHC and CO [2]. There are some improvements in LP and RQL original concepts to produce combustion 
devices with extremely low NOx emissions. For example: Lean Pre-mixed Burner with Spatially Periodic 
Recirculation of Combustion Products [3]; Double Swirler Lean Premixing Pre-Vaporizing Burner [4]; Rich-Burn, 
Quick-Mix, Lean Burn Trapped Vortex Combustor [5]; Rich-Catalytic Lean-Burn Combustion [6]. 
______ 
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Particularly, this paper presents a double-stage swirl combustor that uses part of RQL and LP concepts to 
control NOx emissions; however, without premixing in a preliminary duct as LP combustors and without 
staged air addition as RQL combustors. The favorable conditions to NOx reduction are achieved by the 
flow dynamic control of reactants and burned gases inside the chamber. The combustion takes place in 
two stages, each one in a separate chamber. At first stage the fuel is injected through a central spear and 
the total air of the combustion process crosses a swirler, acquire a tangential component of velocity. At 
the end of this primary zone, which is called transition zone, there is a sudden increase in the chamber 
diameter and the rotating air flow loses the wall effect, expanding itself radially. This causes the pressure 
decrease in the central region, which in turn allows the reversal of the air flow and consequently the 
creation of an intense recirculation zone mixing the remaining air with the combustion products of the 
primary zone. So that in the secondary chamber a lean pre-mixed flame is established. It is clear that the 
success to control NOx emissions depends on the main controlling parameters of the flow dynamic into 
the combustor, which are: the swirler blades angle, the fuel jet Reynolds number and the global 
equivalence ratio. Thus, the present paper regards to the influence of these main controlling parameters of 
the flow dynamic on NOx, besides CO and UHC emissions.  
 
2. Experimental Setup 
 
The tests were performed in an atmospheric pressure laboratorial combustor, made in stainless steel and 
without refrigeration. The primary chamber has length and diameter of 10 cm, and the secondary, 50 and 
40 cm, respectively. The air from two blowers is axially conducted to the swirler, positioned at the 
primary chamber entrance and composed of 8 blades that form angles between 50º and 80º with the axial 
direction (the primary chamber and swirler have the same diameter). So, it was possible to study the 
swirler blades angle influence on emissions without changing the air flow passing through the swirler. 
The maximum air flow was 70 g/s. The fuel mass flow rate was kept constant at 1 g/s, and the different 
Reynolds number of the fuel jet were obtained changing the injector nozzle diameter: 2.35, 3.20 and 7.8 
mm, providing jets with Reynolds numbers of 50,000, 40,000 and 15,000, respectively. Both mass flow 
rates were obtained through orifice plate systems, resistive sensors pressure and LabVIEW software. The 
combustion gases concentration acquisition was carried out by GreenLine 8000. The flue gas sample 
probe was coupled to the exhaust duct. The Greenline 8000 is accompanied by the DBGas 2004 software 
that assists data management and storage. The gases concentration is corrected to 12% of O2. Figure 1 
shows a schematic diagram of the experimental setup. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Experimental setup 
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3. Results 
 
The experimental procedure was: for a given fuel injector nozzle diameter (fixed Re) and swirler angle 
(fixed α) the air mass flow rate was varied. Successively, the injector nozzle and the swirler blades angle 
were modified; then, for each combination of α, Re and Φ, the exhaust gas were analyzed, and the results 
are presented at Figure 2, 3 and 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 Figure 2. CO emissions                                                               Figure 3. UHC emissions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. NOx emissions 
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The combustion chamber investigated in this paper incorporates features of these two combustion system 
widely used in gas turbine. In this alternative concept, the reagents are not pre-mixed and there is not air 
gradual addition in primary, intermediate and dilution zones as in conventional gas turbine combustion 
chamber. Total air is added thought the swirler and the structure of the recirculation flow is responsible to 
create two combustion zone (primary and secondary) with overall equivalence ratios below 0.6. The 
operational parameters have a strong influence on the formation/weakening/destroying the recirculation 
zone formed in the secondary chamber. Thus, the results showed to conciliate the pollutant emissions is 
essential lower fuel jet Reynolds numbers (15,000) and global equivalence ratio around φ = 0.6. At these 
conditions CO and UHC are almost inexistent, i.e, near to zero. The exception to these levels is observed 
for 50° and 60°. NOx emissions suffer the largest increase between Φ = 0.4 and 0.6, after this interval the 
pollutant concentrations have a behavior without fluctuations and with values below 40 ppm. In gas 
turbine operation global equivalence ratios can reach 0.15, making it necessary to inject an additional air 
supply at a dilution region, positioned after the secondary chamber. 
In spite of the lean combustion limit proximity, low Reynolds number is required to minimize the impact 
of axial momentum on recirculation structure formed in the secondary chamber, allowing, thus, a better 
mixing between the partial products combustion and remaining air, and a combustion process with a 
higher reaction rate. 
With respect to the swirler angle, high values of this parameter produce different effects in the studied 
pollutants. While 70° and 80° angles are essential to CO and UHC reduction because they provide better 
reagents mixing, these angles promote the NOx increase; due to the fact that, with better mixing, there is 
high reaction rate, energy release and, thus, an elevated temperature reaction. However, the NOx levels for 
these angles are considered reasonably low, which enables to operate the camera with them.  
Although the systems previously mentioned achieve values lower than those obtained here, this proposed 
geometry showed that depending on the operating conditions it is possible to reconcile the CO, UHC and 
NOx  in low values.  
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